A Gram-stain-negative, facultatively anaerobic, non-motile, rod-shaped and yellow-pigmented bacterium, designated strain THG-DN6.14 T , was isolated from a freshwater sample near Donghaksa temple in Daejeon, South Korea. On the basis of the results of 16S rRNA gene sequence comparisons, THG-DN6.14 T was found to be most closely related to Emticicia sediminis JBR12 T (99.1 % sequence similarity), Emticicia oligotrophica DSM 17448 T (97.6 %), Emticicia aquatica HMF2925 T (96.5 %), and
The genus Emticicia is a genus of the family Cytophagaceae, first proposed by Saha and Chakrabarti [1] . At the time of writing the genus contained four species with validly published names: Emticicia oligotrophica, Emticicia ginsengisoli, Emticicia sediminis (www.bacterio.net/-index.html) and Emticicia aquatica (www.bacterio.net/-index.html). While E. oligotrophica, E. sediminis and E. aquatica were isolated from water-related sources such as warm spring water [1] , the sediment of a shallow stream [2] and the water of a phosphate removal system [3] , only E. ginsengisoli was isolated from soil in a ginseng field [4] . The members of the genus are Gram-negative, strictly aerobic, non-motile, rodshaped, and positive for catalase and oxidase [1] . Major whole cell fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH, anteiso-C 15 : 0 , summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH), iso-C 15 : 0 3-OH, and C 15 : 1 !6c [1] . The major polar lipid of most species of the genus Emticicia is phosphatidylethanolamine [2, 3] . The purpose of this study was to determine the taxonomic position of strain THG-DN6.14 T by using a polyphasic approach.
Strain THG-DN6.14 T was isolated from a freshwater sample near Donghaksa temple in Daejeon, Republic of Korea. A 1 ml aliquot of water sample was diluted in 9 ml sterile 0.85 % NaCl (w/v; saline solution). Serially diluted samples were plated onto nutrient agar plates (NA; Difco). The plates were incubated at 28 C for one week. Single colonies were purified, transferred to fresh NA plates and were incubated once again. One isolate, THG-DN6.14 T , was cultured routinely on NA at 28 C and preserved as a suspension in nutrient broth (NB; Difco) with glycerol (25 %, w/v) at À80 C.
Extraction of the genomic DNA was achieved using a commercial genomic DNA extraction kit (Solgent). The 16S rRNA gene was amplified from the chromosomal DNA with two primer pairs (27F/1492R and 518F/805R) [5] and the purified PCR products were sequenced by Solgent (Daejeon, Republic of Korea). The 16S rRNA gene sequences of related taxa were obtained from the GenBank database and EzTaxone server [6] . The multiple alignments were performed by using the CLUSTAL_X program [7] . Gaps were edited in the BioEdit program [8] . The evolutionary distances were calculated using the Kimura two-parameter model [9] . The phylogenetic trees were reconstructed using the neighbour-joining method [10] and the maximum-likelihood method [11] in the MEGA 6 program, with bootstrap values based on 1000 replications [12] .
According to the EzTaxon-e server, 16S rRNA gene sequence similarity indicated that the closest relatives of THG-DN6.14 T were E. sediminis JBR12 T (99.1 % sequence similarity), E. oligotrophica DSM 17448 T (97.6 %) and E.
ginsengisoli Gsoil 085 T (94.4 %). Sequence similarity between THG-DN6.14 T and E. aquatica HMF2925 T was 96.5 % using nucleotide BLAST. The 16S rRNA gene sequence of THG-DN6.14 T was a continuous stretch of 1439 bp. The relationship between THG-DN6.14 T , its close relatives and all members of the genus Emticicia was also supported by the phylogenetic trees (Figs 1 and S1 , available in the online Supplementary Material).
For determination of the DNA G+C content, genomic DNA was extracted, purified and degraded enzymatically into nucleosides [13] . The nucleotides were analysed using a reverse-phase HPLC system (Alliance 2690 system, Waters) [14] [17] , where 36 C is the correction for the presence of 50 % formamide [18] . Hybridization was performed with five replications for each sample. The highest and lowest values obtained for each sample were excluded and the means of the remaining three values were converted to percentage DNA-DNA relatedness values.
The DNA G+C content of THG-DN6.14 T was 43.3 mol%, close to the range of DNA G+C contents for members of the genus Emticicia (36.5-40.5 mol%; [3, 4] species [19, 20] . Considering their 16S rRNA similarities to THG-DN6.14 T , E. oligotrophica and the remaining species of the genus have been considered sufficiently distant at the genomic level without the need to perform DNA-DNA relatedness assays. DNA-DNA relatedness results supported the proposal that THG-DN6.14 T represents a novel species.
Polar lipids of THG-DN6.14 T and its closest phylogenetic neighbour E. sediminis KACC 17466 T were analysed as described by Minnikin et al. [21] . The polar lipids of the strains were extracted from freeze-dried cells grown on NA for 48 h at 28 C. Polar lipids were examined by twodimensional thin layer chromatography (2D-TLC) using . After being developed in the solvent system, the individual spots were visualized by charring. Lipids were stained by spraying with 5 % molybdophosphoric acid and charred at 120 C for 5 min. Aminolipids were detected by spraying with 0.2 % ninhydrin and charring at 120 C for 2 min. Phospholipids were detected by spraying with molybdenum blue reagent at room temperature. Glycolipids were irreversibly stained with a-naphthol-sulphuric acid by charring at 120 C for 2 min. The cellular fatty acids of THG-DN6.14 T and three type strains of the most closely related species of the genus Emticicia were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). Fatty acids were analysed using a gas chromatograph (model 6890; Hewlett Packard) and the Sherlock Aerobic Bacterial Database (TSBA60) [22] . Respiratory quinones were extracted from 300 mg freeze-dried cells with chloroform/methanol (2 : 1, v/v), separated using hexane and eluted with hexane/diethyl ether (80 : /20, v/v); the eluent was then evaporated by rotatory evaporator and dissolved in acetone [23] . Menaquinone purification was determined by a reverse-phase HPLC system (Alliance 2690 system; Waters) [wavelength 270 nm, solvent methanol/2-propanol (3 : 1, v/v), flow rate 1.0 ml min À1 ] as described previously [24, 25] .
The polar lipid profile of THG-DN6.14 T is shown in Fig. S2 . The polar lipids consisted of phosphatidylethanolamine (PE), unidentified aminoglycolipids (AGL1-3) and unidentified glycolipids (GL1). In agreement with results reported by other authors, the main polar lipid of all species of the genus Emticicia is PE [1] [2] [3] [4] . Additionally, the same major lipids were found in the polar lipid profiles of THG-DN6.14 T and the reference strain E. sediminis KACC 17466
T . The major cellular fatty acids were identified as C 16 : 0 (13.3 %), iso-C 15 : 0 (26.2 %), iso-C 17 : 0 3-OH (10.9 %), and summed feature 3 (10.7 %; C 16 : 1 !7c and/or C 16 : 1 !6c) ( Table 1 ). The fatty acid and polar lipid profiles are almost same as those of other species of the genus Emticicia [1, 3, 4] . The only respiratory quinone detected in THG-DN6.14 T was menaquinone MK-7, similar to that detected in the E. sediminis quinone pattern by Park et al. [2] . T . All data were obtained during this study (except for data for E. oligotrophica, taken from [1] . Cells of THG-DN6.14 T and reference species were cultured on R2A for 2 days at 30 C. TR: traces (<0.5 %); -: not detected. *Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed feature 3 contained C 16 : 1 !7c and/or C 16 : 1 !6c.
Gram-staining was determined using a bioM erieux Gram stain kit according to the manufacturer's instructions. Growth was tested using several bacterial media such as NA, tryptone soya agar (TSA; Oxoid), R2A (Difco), LuriaBertani agar (LA, LB agar; Oxoid), marine agar (MA; Difco) and MacConkey agar (Oxoid) at 28 C. Growth at different temperatures (4, 10, 15, 20, 25, 28, 30, 35, 38, 40 and 42 C) was assessed in R2A broth (R2B) after 7 days of incubation at 28
C. Salt tolerance was tested in R2B supplemented with 0-5 % (w/v) NaCl (at 0.5 % intervals) after 7 days of incubation at 28 C. Growth was estimated by monitoring the OD 600 . Anaerobic growth was tested in serum bottles containing R2B supplemented with thioglycolate (1 g l À1 ), in which the air was substituted with nitrogen gas. Cell morphology was observed at 11 000Â magnification, with a transmission electron microscope (Model JEM1010; JEOL) using cells grown for 48 h at 28 C on R2A. Motility was assayed on sulfide-indole motility medium (SIM; Difco). Production of flexirubin-type pigments was determined by the procedures as outlined by Fautz and Reichenbach [26] . Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) N,N,N¢,N¢-tetramethyl-1, 4-phenylenediamine reagent. Degradation of starch, casein, DNA, Tween 20, Tween 80, L-tyrosine, carboxymethyl cellulose (CM-cellulose) and chitin from crab shells was evaluated after 5 days of incubation at 28 C. Carbon-source utilization and enzyme activities were tested by using API 20NE, API ID 32 GN and API ZYM tests kits according to the instructions of the manufacturer (bioM erieux). E. sediminis KACC 17466
T , E. aquatica KCTC 42574 T , and E. ginsengisoli KACC 13919
T were included as references for the investigation of the biochemical tests under the same laboratory conditions. T . All data were obtained during this study (except for data for E. oligotrophica, taken from [1] and the DNA G+C content of the reference strains, taken from [1] [2] [3] [4] . All strains were negative for motility, growth on LA, reduction of nitrates to nitrogen, indole production, glucose acidification and arginine dihydrolase. All strains were positive for oxidase and catalase activities and growth on R2A. All strains were negative for hydrolysis of DNA, CM-cellulose, casein, chitin and Tween 20. For all strains (unidentified for E. oligotrophica), assimilation of D-mannose, D-mannitol, N-acetylglucosamine, maltose, gluconate, caprate, adipate, malate, citrate, and phenylacetate was negative. With respect to enzymatic activity, all strains were positive for esterase, esterase lipase, a-chymotrypsin, a-glucosidase and b-glucosidase; all strains except for E. oligotrophica were positive for alkaline phosphatase, leucine arylamidase, valine arylamidase, cysteine arylamidase, trypsin, acid phosphatase, naphtol-AS-BI-phosphohydrolase and a-galactosidase; all strains except for E. oligotrophica were negative for lipase. +, Positive; W, weakly positive; À, negative. 
